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METHODS OF ADMINISTERING AND
EVALUATING NITROGEN SCAVENGING
DRUGS FOR THE TREATMENT OF HEPATIC
ENCEPHALOPATHY

RELATED APPLICATIONS

The present application claims priority to U.S. Provisional
Application No. 61/728,967, filed Nov. 21, 2012, and U.S.
Provisional Application No. 61/759,292, filed Jan. 31, 2013,
the disclosures of which are incorporated by reference herein
in their entirety, including drawings.

BACKGROUND

Hepatic encephalopathy (HE) refers to a spectrum of neu-
rologic signs and symptoms believed to result from increased
blood ammonia levels, which frequently occur in subjects
with cirrhosis or certain other types of liver disease. Subjects
with HE typically show altered mental status ranging from
subtle changes to coma, features similar to those in subjects
with urea cycle disorders (UCDs).

Glycerol phenylbutyrate (glyceryl tri-[4-phenylbutyrate])
(HPN-100, GPB, GT4P, glycerol PBA), which is described in
U.S. Pat. No. 5,968,979, is currently under development for
treatment of HE. Like sodium PBA (NaPBA, approved in the
United States as BUPHENYL® and in Europe as
AMMONAPS®) and sodium benzoate, HPN-100 is a nitro-
gen scavenging agent. These drugs are often referred to as
alternate pathway drugs because they provide the body with
an alternate pathway to urea for excretion of waste nitrogen
(Brusilow 1980; Brusilow 1991).

NaPBA is a phenylacetic acid (PAA) prodrug, while HPN-
100 is a prodrug of PBA and a pre-prodrug of PAA. HPN-100
and NaPBA share the same general mechanism of action:
PBA is converted to PAA via beta oxidation, and PAA is
conjugated enzymatically with glutamine to form pheny-
lacetylglutamine (PAGN), which is excreted in the urine. The
structures of PBA, PAA, and PAGN are set forth below.

CO,Na*

phenylbutyrate
OH

¢}

Phenylacetic acid
O, NH,

Phenylacetylglutamine

The clinical benefit of NaPBA and HPN-100 with regard to
nitrogen retention disorders such as HE derives from the
ability of PAGN to effectively replace urea as a vehicle for
waste nitrogen excretion and/or to reduce the need for urea
synthesis (Brusilow 1991; Brusilow 1993). Because each
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glutamine contains two molecules of nitrogen, the body rids
itself of two waste nitrogen atoms for every molecule of
PAGN excreted in the urine (FIG. 1). Therefore, two equiva-
lents of nitrogen are removed for each mole of PAA converted
to PAGN. PAGN represents the predominant terminal
metabolite, and one that is stoichiometrically related to waste
nitrogen removal, a measure of efficacy in the case of nitrogen
retention states. The difference between HPN-100 and
NaPBA with respect to metabolism is that HPN-100 is a
triglyceride and requires digestion, presumably by pancreatic
lipases, to release PBA (McGuire 2010).

In contrast to NaPBA or HPN-100, sodium benzoate acts
when benzoic acid is combined enzymatically with glycine to
form hippuric acid. For each molecule of hippuric acid
excreted in the urine, the body rids itself of one waste nitrogen
atom.

Methods of determining an effective dosage of PAA pro-
drugs such as NaPBA or HPN-100 for a subject in need of
treatment for a nitrogen retention disorder are described in
W009/1134460 and W0O10/025303. While ammonia has
long been suspected as important in the pathogenesis of HE,
the data are largely correlative and it is only recently that an
ammonia selective intervention has been shown to reduce the
likelihood of HE events (Rockey 2012). Ammonia is not
routinely monitored in patients with HE; rather, treatment is
based on clinical assessment.

SUMMARY

Provided herein in certain embodiments are methods of
treating hepatic encephalopathy in a subject in need thereof
by administering a nitrogen scavenging drug at a dosage
sufficient to maintain a fasting blood ammonia level at or
below a specified threshold level with respect to the upper
limit of normal for blood ammonia. In certain of these
embodiments, the threshold level is 1.5 times the upper limit
ofnormal for blood ammonia, and in certain embodiments the
upper limit of normal for blood ammonia is 35 pmol/L.. In
certain embodiments, the nitrogen scavenging drug is HPN-
100, PBA, NaPBA, sodium benzoate, or any combination
thereof (i.e., any combination of two or more of HPN-100,
PBA, NaPBA).

Provided herein in certain embodiments are methods of
treating hepatic encephalopathy in a subject in need thereof
by administering a first dosage of a nitrogen scavenging drug,
measuring fasting blood ammonia level, and comparing the
fasting blood ammonia level to the upper limit of normal for
blood ammonia to determine whether to increase the dosage
of the drug, wherein the dosage needs to be increased if the
fasting blood ammonia level is at or above a specified thresh-
old level with respect to the upper limit of normal. In certain
of these embodiments, the threshold level is 1.5 times the
upper limit of normal for blood ammonia, and in certain
embodiments the upper limit of normal for blood ammonia is
35 umol/L. In certain embodiments, these methods include an
additional step of administering a second dosage of the drug
based on the comparison of fasting blood ammonia level to
the upper limit of normal for blood ammonia. In certain
embodiments, the nitrogen scavenging drug is HPN-100,
PBA, NaPBA, sodium benzoate, or any combination thereof
(i.e., any combination of two or more of HPN-100, PBA,
NaPBA).

Provided herein in certain embodiments are methods of
treating hepatic encephalopathy in a subject in need thereof
by measuring fasting blood ammonia level, comparing the
fasting blood ammonia level to the upper limit of normal for
blood ammonia, and administering a nitrogen scavenging
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drug if the fasting blood ammonia level is at or above a
specified threshold level with respect to the upper limit of
normal. In certain of these embodiments, the threshold level
is 1.5 times the upper limit of normal for blood ammonia, and
in certain embodiments the upper limit of normal for blood
ammonia is 35 pmol/L. In certain embodiments, the nitrogen
scavenging drug is HPN-100, PBA, NaPBA, sodium ben-
zoate, or any combination thereof (i.e., any combination of
two or more of HPN-100, PBA, NaPBA). In certain embodi-
ments, the subject has previously received a first dosage of a
nitrogen scavenging drug, and in certain of these embodi-
ments the nitrogen scavenging drug is administered at a dos-
age greater than the first dosage if the fasting blood ammonia
level is at or above the specified threshold level with respectto
the upper limit of normal.

Provided herein in certain embodiments are methods of
treating hepatic encephalopathy in a subject in need thereof
who has previously been administered a first dosage of a
nitrogen scavenging drug by measuring fasting blood ammo-
nia level, comparing the fasting blood ammonia level to the
upper limit of normal for blood ammonia, and administering
a second dosage of the drug that is greater than the first dosage
if the fasting blood ammonia level is at or above a specified
threshold level with respect to the upper limit of normal. In
certain of these embodiments, the threshold level is 1.5 times
the upper limit of normal for blood ammonia, and in certain
embodiments the upper limit of normal for blood ammonia is
35 umol/L. In certain embodiments, the nitrogen scavenging
drug is HPN-100, PBA, NaPBA, sodium benzoate, or any
combination thereof (i.e., any combination of two or more of
HPN-100, PBA, NaPBA).

Provided herein in certain embodiments are methods of
optimally administering a nitrogen scavenging drug for the
treatment of hepatic encephalopathy in a subject in need
thereof that include a step of administering the nitrogen scav-
enging drug, wherein the dosage of the drug is adjusted to
maintain a fasting blood ammonia at or below a specified
threshold level with respect to the upper limit of normal for
blood ammonia. In certain of these embodiments, the thresh-
old level is 1.5 times the upper limit of normal for blood
ammonia, and in certain embodiments the upper limit of
normal for blood ammonia is 35 pmol/L. In certain embodi-
ments, the nitrogen scavenging drug is HPN-100, PBA,
NaPBA, sodium benzoate, or any combination thereof (i.e.,
any combination of two or more of HPN-100, PBA, NaPBA).

Provided herein in certain embodiments are methods of
optimizing the dosage of a nitrogen scavenging drug for the
treatment of hepatic encephalopathy in a subject in need
thereof by administering a first dosage of a nitrogen scaveng-
ing drug, measuring fasting blood ammonia level, and com-
paring the fasting blood ammonia level to the upper limit of
normal for blood ammonia to determine whether to increase
the dosage of the drug, wherein the dosage needs to be
increased if the fasting blood ammonia level is at or above a
specified threshold level with respect to the upper limit of
normal. In certain of these embodiments, the threshold level
is 1.5 times the upper limit of normal for blood ammonia, and
in certain embodiments the upper limit of normal for blood
ammonia is 35 pmol/L. In certain embodiments, these meth-
ods include an additional step of administering a second
dosage of the drug based on the comparison of fasting blood
ammonia level to the upper limit of normal for blood ammo-
nia. In certain embodiments, the nitrogen scavenging drug is
HPN-100, PBA, NaPBA, sodium benzoate, or any combina-
tion thereof (i.e., any combination of two or more of HPN-
100, PBA, NaPBA).
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Provided herein in certain embodiments are methods of
adjusting the dosage of a nitrogen scavenging drug for the
treatment of hepatic encephalopathy in a subject in need
thereof by administering a first dosage of a nitrogen scaveng-
ing drug, measuring fasting blood ammonia level, and deter-
mining whether the drug dosage needs to be adjusted based on
the fasting blood ammonia level, wherein a fasting blood
ammonia level at or above a specified threshold level with
respect to the upper limit of normal for blood ammonia indi-
cates that the dosage needs to be increased. In certain of these
embodiments, the threshold level is 1.5 times the upper limit
ofnormal for blood ammonia, and in certain embodiments the
upper limit of normal for blood ammonia is 35 pmol/L.. In
certain embodiments, these methods include an additional
step of administering a second dosage of the drug based on the
comparison of fasting blood ammonia level to the upper limit
of normal for blood ammonia. In certain embodiments, the
nitrogen scavenging drug is HPN-100, PBA, NaPBA, sodium
benzoate, or any combination thereof (i.e., any combination
of two or more of HPN-100, PBA, NaPBA).

Provided herein in certain embodiments are methods of
treating hepatic encephalopathy in a subject in need thereof
by determining a target urinary phenylacetyl glutamine out-
put, calculating an effective initial dosage of a PAA prodrug
to achieve the target urinary phenylacetyl glutamine output
based on a mean conversion of PAA prodrug to urinary phe-
nylacetyl glutamine of 52% to 63%, and administering the
effective initial dosage of PAA prodrug to the subject. In
certain embodiments, the PAA prodrug is HPN-100, PBA, or
NaPBA.

Provided herein in certain embodiments are methods of
administering a PAA prodrug for the treatment of hepatic
encephalopathy in a subject in need thereof by administering
a first dosage of the PAA prodrug, determining urinary phe-
nylacetyl glutamine output following administration of the
first dosage, determining an effective dosage of the PAA
prodrug based on the urinary phenylacetyl glutamine output,
wherein the effective dosage is based on a mean conversion of
PAA prodrug to urinary PAGN of 52% to 63%, and adminis-
tering the effective dosage to the subject.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1: The urea cycle and how certain nitrogen-scaveng-
ing drugs may assist in elimination of excessive ammonia.

FIG. 2: Estimated number of HE events per subject over 16
weeks versus pre-dose plasma ammonia level on day 1 (base-
line). Minimum and maximum observed plotted for refer-
ence. Levels 4 and 5 differ significantly from level 1 (p=0.007
and p=0.002, respectively).

FIG. 3: Estimated number of HE events per subject over 16
weeks versus pre-dose plasma ammonia level on day 7. Mini-
mum and maximum observed plotted for reference. Levels 4
and 5 differ significantly from level 1 (p=0.0009 and
p=0.0003, respectively).

FIG. 4: Estimated number of HE events per subject over 16
weeks versus plasma ammonia level on day 7, four hours after
dosing. Minimum and maximum observed plotted for refer-
ence. Levels 4 and 5 differ significantly from level 1 (p=0.002
and p=0.001, respectively).

FIG. 5: Estimated number of HE events per subject over 16
weeks versus pre-dose plasma ammonia level on day 14.
Minimum and maximum observed plotted for reference. Lev-
els 4 and 5 differ significantly from level 1 (p=0.014 and
p=0.001, respectively).

FIG. 6: Estimated number of HE events per subject over 16
weeks versus plasma ammonia level on day 14, four hours
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after dosing. Minimum and maximum observed plotted for
reference. Level differs significantly from level 1 (p=0.002).

FIG. 7: Probability of having 0, 1, or 2 or more HE events
over 16 weeks as predicted by plasma ammonia levels at
baseline (day 1, pre-dose).

FIG. 8: Probability of having O or 1 or more HE events over
16 weeks as predicted by plasma ammonia levels at baseline
(day 1, pre-dose).

FIG. 9: Probability of having 0, 1, or 2 or more HE events
over 16 weeks as predicted by plasma ammonia levels (day 7,
pre-dose).

FIG. 10: Probability of having 0 or 1 or more HE events
over 16 weeks as predicted by plasma ammonia levels (day 7,
pre-dose).

DETAILED DESCRIPTION

The following description of the invention is merely
intended to illustrate various embodiments of the invention.
As such, the specific modifications discussed are not to be
construed as limitations on the scope of the invention. It will
be apparent to one skilled in the art that various equivalents,
changes, and modifications may be made without departing
from the scope of the invention, and it is understood that such
equivalent embodiments are to be included herein.

In subjects with HE, the desired effect of treatment with a
nitrogen scavenging drug is prevention of HE events or reduc-
tion of the frequency of HE events and their associated cost
and morbidity. The assessment of treatment effect and inter-
pretation of ammonia levels is confounded by the fact that
individual ammonia values vary several-fold over the course
of a day and are impacted by timing of the blood draw in
relation to the last meal and dose of drug (see, e.g., Lee 2010;
Lichter-Konecki 2011; Diaz 2011, Ghabril 2012).

A random ammonia value obtained during an outpatient
visit may fail to provide a reliable measure of a subject’s
status and the drug effect. For example, basing treatment on a
blood sample taken after eating a meal might overestimate
average daily ammonia level and result in overtreatment.
Conversely, basing treatment on a blood sample taken after
drug administration might underestimate average daily
ammonia level and result in undertreatment. Furthermore,
subjects may not exhibit dramatically increased ammonia
levels between HE events, and assessment of ammonia level
at the time of an HE event is not always possible. A more
accurate view of daily ammonia level could be obtained by
multiple blood draws in a controlled setting over an extended
period of time. Although this is currently done in clinical
trials, it is clinically impractical.

As set forth in the examples section below, the relationship
between fasting ammonia levels and the likelihood of patients
experiencing an HE event was evaluated in subjects with
cirrhosis and HE. It was found that increased fasting ammo-
nia levels correlated strongly with the likelihood of experi-
encing an HE event. Surprisingly, the relationship between
ammonia levels and HE events was non-linear, and there was
a step up in HE eventrisk at a fasting ammonia level of around
1.5 times the upper limit of normal (ULN) rather than at the
ULN. Based on these results, a comparison of fasting ammo-
nia levels to a specified threshold or target range with respect
to the ULN for blood ammonia represents a novel, clinically
useful, and practical predictor of HE event risk. The present
application provides practical applications of this finding in
the form of methods and kits for treating HE, optimally
administering a nitrogen scavenging drug for the treatment of
HE, adjusting and optimizing the dosage of a nitrogen scav-
enging drug for the treatment of HE, evaluating the efficacy of
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a nitrogen scavenging drug for the treatment of HE, deter-
mining whether to administer a nitrogen scavenging drug for
the treatment of HE, predicting the likelihood or risk of an HE
event, evaluating and monitoring ammonia exposure, and
other related embodiments.

Provided herein are threshold levels and target ranges for
fasting blood ammonia upon which an effective dosage of a
nitrogen scavenging drug for the treatment of HE can be
based. An effective dosage of a nitrogen scavenging drug as
used herein refers to a dosage that results in a fasting blood
ammonia level falling at or below a specified threshold level
or within a specified target range after one or more adminis-
trations. In certain embodiments, the effective dosage results
in a fasting blood ammonia level falling at or below a speci-
fied threshold level or within a specified target range after
multiple administrations, and in certain of these embodi-
ments the effective dosage results in a fasting blood ammonia
level falling at or below a specified threshold level or within a
specified target range after the drug has reached steady state.
In certain embodiments, steady state for a particular dosage of
a nitrogen scavenging drug is reached at around three days
after the initial administration of that dosage. In other
embodiments, steady state may be reached at two, four, or five
days after the initial administration.

Threshold levels and target ranges for fasting blood ammo-
nia are based on the ULN for blood ammonia. In certain
embodiments, a specified target range for fasting blood
ammonia is <1.2, 1.2, <1.3, <1.3, <1.4, <1.4, <1.5, <1.5,
<1.6, <1.6, <1.7, <1.7, <1.8, <1.8, <1.9, <1.9, <2.0, or <2.0
times the ULN for blood ammonia. In certain of these
embodiments, the specified target range is <1.5 or <1.5 times
the ULN for blood ammonia. In other embodiments, a speci-
fied target range for fasting blood ammonia is 0.1 to 1.5, 0.5
101.5,0.7t01.3,0.8t0 1.2, 0r 1 to 1.5 times the ULN for blood
ammonia. In certain embodiments, a specified threshold level
for fasting blood ammonia is 1.2, 1.3, 1.4, 1.5,1.6, 1.7, 1.8,
1.9, or 2.0 times the ULN for blood ammonia. In certain of
these embodiments, the specified threshold level is 1.5 times
the ULN for blood ammonia. In certain embodiments, a fast-
ing blood ammonia level that is at or above the specified
threshold level or above the specified target range indicates
that a subject needs to be administered a nitrogen scavenging
drug or, where the subject has received a nitrogen scavenging
drug previously, that the subject needs to be administered a
different nitrogen scavenging drug or a higher dosage of the
original nitrogen scavenging drug. Similarly, in certain
embodiments a fasting blood ammonia level that is at or
below the specified threshold level or within the specified
target range indicates that the subject does not need to be
administered a nitrogen scavenging drug or, where the subject
has received a nitrogen scavenging drug previously, that the
subject should continue to be administered the same nitrogen
scavenging drug and/or the same dosage. In certain embodi-
ments, the optimal range for fasting blood ammonia includes
the specified threshold level. In these embodiments, a fasting
blood ammonia level at or below the specified threshold level
is considered acceptable or optimal. For example, where the
specified threshold level is 1.5, nitrogen scavenging drug
administration may be started or increased if the fasting blood
ammonia level is above 1.5. In other embodiments, the opti-
mal range for fasting blood ammonia does not include the
specified threshold level. In these embodiments, only a fast-
ing blood ammonia level below the specified threshold level
is considered acceptable or optimal. For example, where the
specified threshold level is 1.5, nitrogen scavenging drug
administration may be started or increased if a subject exhib-
its a fasting blood ammonia level at or above 1.5. An effective
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dosage of a nitrogen scavenging drug may be an initial dos-
age, subsequent/maintenance dosage, improved dosage, or a
dosage determined in combination with other factors. In cer-
tain embodiments, the effective dosage may be the same as or
different than an initial dosage. In other embodiments, the
effective dosage may be higher or lower than an initial dos-
age.

Provided herein in certain embodiments are methods of
treating HE in a subject in need thereof. The terms “treat,”
“treating,” or “treatment” as used herein with regard to HE
may refer to preventing HE events, reducing the number or
frequency of HE events, decreasing the likelihood of experi-
encing an HE event, preventing, delaying, reducing, or ending
symptoms associated with HE or HE events, or some combi-
nation thereof.

Overt HE events are often defined in the art as West Haven
grade =2, typically manifested by confusion to time, place,
person and/or somnolence and even coma. In addition, a West
Haven grade 1 and an increase in asterixis scales for patients
who are West Haven grade O when in remission is considered
clinically significant. As used herein, the “HE event” refers to
a West Haven Grade 2 or above or (2) a West Haven Grade 1
AND an asterixis grade increase of 1, if the baseline West
Haven was 0.

A “subject inneed thereof” as used herein refers to a human
subject having HE, suspected of having HE, deemed at risk
for developing HE based on one or more genetic or environ-
mental factors, currently or previously experiencing an HE
event, or deemed at risk of experiencing a future HE event.

In certain embodiments, the methods of treating HE pro-
vided herein comprise administering a nitrogen scavenging
drug at a dosage sufficient to drop a subject’s fasting blood
ammonia level to or below a specified threshold level or to
within a specified target range with respect to the ULN for
blood ammonia, or to maintain the subject’s fasting blood
ammonia level at or below the specified threshold level or
within the specified target range for a specific period of time
(e.g., 2 days, 4 days, 1 week, 1 month, or indefinitely). For
example, the drug may be administered at a dosage sufficient
to maintain a subject’s fasting blood ammonia level at or
below a specified threshold level of 1.5 times the ULN, or at
a dosage sufficient to maintain the subject’s fasting blood
ammonia level within a specified target range of 1 to 1.5,
between 1 and 1.5, <1.5, or <1.5 times the ULN. In certain
embodiments, administration of the nitrogen scavenging drug
at a dosage sufficient to maintain a fasting blood ammonia
level at or below a specified threshold level or within a speci-
fied target range with respect to the ULN for blood ammonia
decreases the likelihood of the subject experiencing an HE
event.

In certain embodiments, the methods of treating HE pro-
vided herein comprise (a) measuring a fasting blood ammo-
nia level, (b) comparing the fasting blood ammonia level to
the ULN for blood ammonia to determine whether to admin-
ister a nitrogen scavenging drug, and (c) administering a
nitrogen scavenging drug if the fasting blood ammonia level
is at or above a specified threshold level or above a specified
target range with respect to the ULN. In certain embodiments,
the specified threshold level is 1.5 times the ULN. In certain
embodiments, the specified target range is 1to 1.5, between 1
and 1.5, <1.5, or <1.5 times the ULN. In certain embodi-
ments, administration of the nitrogen scavenging drug
decreases the likelihood of the subject experiencing an HE
event. In certain embodiments, the steps are repeated until a
fasting blood ammonia level at or below the threshold level or
within the target range is reached or maintained. In those
embodiments where the steps are repeated, subsequent dos-
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ages may be the same as or different than the first dosage. For
example, a second dosage may be administered that is greater
than the first dosage if the first dosage was insufficient to
lower fasting blood ammonia level to at or below the thresh-
old level or to within the target range.

In certain embodiments, the methods of treating HE pro-
vided herein comprise (a) administering a first dosage of a
nitrogen scavenging drug, (b) measuring a fasting blood
ammonia level, and (¢) comparing the fasting blood ammonia
level to the ULN for blood ammonia to determine whether to
increase the dosage of the nitrogen scavenging drug. In these
embodiments, the dosage needs to be increased if the fasting
blood ammonia level is at or above a specified threshold level
or above a specified target range with respect to the ULN. In
certain of these embodiments, these methods include an addi-
tional step of administering a second dosage of the drug
greater than the first dosage based on the comparison in step
(c). If the fasting blood ammonia level is at or below the
specified threshold level or within the specified target range,
on the other hand, the second dosage may be the same as or
less than the first dosage. In certain embodiments, these steps
may be repeated, with the subject receiving increasing dos-
ages of nitrogen scavenging drug until a fasting blood ammo-
nia level at or below the specified threshold or within target
range is reached or maintained. For example, in certain
embodiments fasting blood ammonia level may be measured
after administration of the second dosage, and if the fasting
blood ammonia level is at or above the specified threshold
level or above the target range with respect to the ULN, a third
dosage may be administered that is greater than the second
dosage. In certain embodiments, the specified threshold level
is 1.5 times the ULN. In certain embodiments, the specified
target range is 1 to 1.5, between 1 and 1.5, <1.5, or <1.5 times
the ULN. In certain embodiments, administration of the sec-
ond, third, or subsequent dosage of the drug decreases the
likelihood of the subject experiencing an HE event.

In certain embodiments, the methods of treating HE pro-
vided herein are directed to treatment of subjects who have
previously received a first dosage of a nitrogen scavenging
drug. In certain of these embodiments, the methods comprise
(a) measuring a fasting blood ammonia level, (b) comparing
the fasting blood ammonia level to the ULN for blood ammo-
nia, and (c) administering a second dosage of the drug that is
greater than the first dosage if the fasting blood ammonia level
is at or above a specified threshold level or above a target
range with respect to the ULN. If the fasting blood ammonia
level is at or below the specified threshold level or within the
specified target range, on the other hand, the second dosage
may be the same as or less than the first dosage. In certain
embodiments, these steps may be repeated. For example, in
certain embodiments fasting blood ammonia level may be
measured after administration ofthe second dosage, and if the
fasting blood ammonia level is at or above the specified
threshold level or above the target range with respect to the
ULN, a third dosage may be administered that is greater than
the second dosage. This process may be repeated until the
subject exhibits a fasting ammonia level at or below the
specified threshold level or within the specified target range.
In certain embodiments, the specified threshold level is 1.5
times the ULN. In certain embodiments, the specified target
range is 1 to 1.5, between 1 and 1.5, <1.5, or 1.5 times the
ULN. In certain embodiments, administration of the second,
third, or subsequent dosage of the nitrogen scavenging drug
decreases the likelihood of the subject experiencing an HE
event.

Provided herein in certain embodiments are methods of
optimally administering a nitrogen scavenging drug to a sub-
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ject in need thereof for treatment of HE. In certain embodi-
ments, these methods comprise administering the nitrogen
scavenging drug at a dosage sufficient to lower a subject’s
fasting blood ammonia to or below a specified threshold level
or to within a specified target range with respect to the ULN
for blood ammonia, or to maintain the subject’s fasting blood
ammonia level at or below the threshold level or within the
target range. For example, in certain embodiments the drug
may be administered at a dosage sufficient to maintain a
subject’s fasting blood ammonia level below a specified
threshold level of 1.5 times the ULN, or within a specified
target range of 1 to 1.5, between 1 and 1.5, <1.5, or 1.5 times
the ULN. In certain embodiments, administration of the nitro-
gen scavenging drug decreases the likelihood of the subject
experiencing an HE event.

In certain embodiments, the methods of optimally admin-
istering a nitrogen scavenging drug for the treatment of HE
provided herein comprise (a) measuring a fasting blood
ammonia level, (b) comparing the fasting blood ammonia
level to the ULN for blood ammonia to determine whether to
administer a nitrogen scavenging drug, and (¢) administering
a first dosage of a nitrogen scavenging drug if the fasting
blood ammonia level is at or above a specified threshold level
or above a specified target range with respect to the ULN. In
certain embodiments, the specified threshold level is 1.5
times the ULN. In certain embodiments, the specified target
range is 1 to 1.5, between 1 and 1.5, <1.5, or <1.5 times the
ULN. In certain embodiments, the steps are repeated until a
fasting blood ammonia level at or below the threshold level or
within the target range is reached or maintained. In those
embodiments where the steps are repeated, the dosage of the
nitrogen scavenging drug may be adjusted with each subse-
quent administration in order to obtain a fasting blood ammo-
nia level at or below the threshold level or within the target
range.

In certain embodiments, the methods of optimally admin-
istering a nitrogen scavenging drug for the treatment of HE
provided herein comprise (a) administering a first dosage of a
nitrogen scavenging drug, (b) measuring a fasting blood
ammonia level, and (¢) comparing the fasting blood ammonia
level to the ULN for blood ammonia to determine whether to
increase the dosage of the drug, wherein the dosage needs to
be increased if the fasting blood ammonia level is at or above
a specified threshold level or above a specified target range
with respect to the ULN. In certain embodiments, these meth-
ods include an additional step of administering a second
dosage of the drug based on the comparison step (c). If the
fasting blood ammonia level is at or below the specified
threshold level or within the specified target range, on the
other hand, the second dosage may be the same as or less than
the first dosage. In certain embodiments, these steps may be
repeated, with the subject receiving increasing dosages of
nitrogen scavenging drug until a fasting blood ammonia level
at or below the specified threshold or within the specified
target range is reached or maintained. For example, in certain
embodiments fasting blood ammonia level may be measured
after administration of the second dosage, and if the fasting
blood ammonia level is at or above the specified threshold
level or above the specified target range with respect to the
ULN, a third dosage may be administered that is greater than
the second dosage. In certain embodiments, the specified
threshold level is 1.5 times the ULN. In certain embodiments,
the specified target range is 1 to 1.5, between 1 and 1.5, <1.5,
or =1.5 times the ULN. In certain embodiments, administra-
tion of the nitrogen scavenging drug decreases the likelihood
of the subject experiencing an HE event.
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In certain embodiments, the methods of optimally admin-
istering a nitrogen scavenging drug for the treatment of HE
provided herein are directed to subjects who have previously
received a first dosage of a nitrogen scavenging drug. In
certain of these embodiments, the methods comprise (a) mea-
suring a fasting blood ammonia level, (b) comparing the
fasting blood ammonia level to the ULN for blood ammonia,
and (c) administering a second dosage of the drug that is
greater than the first dosage if the fasting blood ammonia level
is at or above a specified threshold level or above a specified
target range with respect to the ULN. If the fasting blood
ammonia level is at or below the specified threshold level or
within the specified target range, on the other hand, the sec-
ond dosage may be the same as or less than the first dosage. In
certain embodiments, these steps may be repeated. For
example, in certain embodiments fasting blood ammonia
level may be measured after administration of the second
dosage, and if the fasting blood ammonia level is at or above
the specified threshold level or above the specified target
range with respect to the ULN, a third dosage may be admin-
istered that is greater than the second dosage. This process
may be repeated until the subject exhibits a fasting ammonia
level at or below the specified threshold level or within the
specified target range. In certain embodiments, the specified
threshold level is 1.5 times the ULN. In certain embodiments,
the specified target range is 1 to 1.5, between 1 and 1.5, <1.5,
or =1.5 times the ULN. In certain embodiments, administra-
tion of the second, third, or subsequent dosage of the nitrogen
scavenging drug decreases the likelihood of the subject expe-
riencing an HE event.

Provided herein in certain embodiments are methods of
adjusting the dosage of a nitrogen scavenging drug for the
treatment of HE in a subject in need thereof. In certain
embodiments, these methods comprise adjusting the dosage
of a nitrogen scavenging drug to lower a subject’s fasting
blood ammonia to or below a specified threshold level or to
within a specified target range with respect to the ULN for
blood ammonia, or to maintain the subject’s fasting blood
ammonia level at or below the threshold level or within the
specified target range. For example, the dosage may be
adjusted to a dosage sufficient to maintain a subject’s fasting
blood ammonia level at or below a specified threshold level of
1.5 times the ULN or within a specified target range of 1 to
1.5, between 1 and 1.5, <1.5, or <1.5 times the ULN. In
certain embodiments, administration of the adjusted dosage
of nitrogen scavenging drug decreases the likelihood of the
subject experiencing an HE event.

In certain embodiments, the methods of adjusting the dos-
age of a nitrogen scavenging drug for the treatment of HE
provided herein comprise (a) administering a first dosage of a
nitrogen scavenging drug, (b) measuring a fasting blood
ammonia level, and (c¢) determining whether the drug dosage
needs to be adjusted based on the fasting blood ammonia
level, wherein a fasting blood ammonia level at or above a
specified threshold level or above a specified target range with
respect to the ULN for blood ammonia indicates that the
dosage needs to be increased. In certain embodiments, these
methods include an additional step of administering an
adjusted second dosage of the drug based on the comparison
step (¢). In certain embodiments, if the fasting blood ammo-
nia level in step (b) is at or below the specified threshold level
or within the specified target range, the adjusted second dos-
age may be the same as or less than the first dosage. In certain
embodiments, the steps may be repeated, with the subject
receiving increasing dosages of nitrogen scavenging drug
until a fasting blood ammonia level at or below the specified
threshold level or within the specified target range is reached
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or maintained. For example, in certain embodiments fasting
blood ammonia level may be measured after administration
of'the second dosage, and if the fasting blood ammonia level
is at or above the specified threshold level or above the speci-
fied target range with respect to the ULN, a third dosage may
be administered that is greater than the second dosage. In
certain embodiments, the specified threshold level is 1.5
times the ULN. In certain embodiments, the specified target
range is 1 to 1.5, between 1 and 1.5, <1.5, or <1.5 times the
ULN. In certain embodiments, administration of the nitrogen
scavenging drug decreases the likelihood of the subject expe-
riencing an HE event.

In certain embodiments, the methods of adjusting the dos-
age of a nitrogen scavenging drug for the treatment of HE
provided herein are directed to subjects who have previously
received a first dosage of a nitrogen scavenging drug. In
certain of these embodiments, the methods comprise (a) mea-
suring a fasting blood ammonia level and (b) determining
whether the drug dosage needs to be adjusted based on the
fasting blood ammonia level, wherein a fasting blood ammo-
nia level at or above a specified threshold level or above a
specified target range with respect to the ULN for blood
ammonia indicates that the dosage needs to be increased. In
certain embodiments, these methods include an additional
step of administering an adjusted second dosage of the drug
based on the comparison step (c). In certain embodiments, if
the fasting blood ammonia level in step (a) is at or below the
specified threshold level or within the specified target range,
the adjusted second dosage may be the same as or less than the
first dosage. In certain embodiments, the steps may be
repeated, with the subject receiving increasing dosages of
nitrogen scavenging drug until a fasting blood ammonia level
at or below the specified threshold level or within the speci-
fied target range is reached or maintained. For example, in
certain embodiments fasting blood ammonia level may be
measured after administration ofthe second dosage, and if the
fasting blood ammonia level is at or above the specified
threshold level withrespectto the ULN, a third dosage may be
administered that is greater than the second dosage. In certain
embodiments, the specified threshold level is 1.5 times the
ULN. In certain embodiments, the specified target range is 1
to 1.5, between 1 and 1.5, <1.5, or <1.5 times the ULN. In
certain embodiments, administration of the nitrogen scaveng-
ing drug decreases the likelihood of the subject experiencing
an HE event.

Provided herein in certain embodiments are methods of
evaluating the efficacy of a nitrogen scavenging drug for
treatment of HE in a subject in need thereof. In certain
embodiments, these methods comprise (a) measuring a fast-
ing blood ammonia level in a subject who has been adminis-
tered a nitrogen scavenging drug and (b) comparing the fast-
ing blood ammonia level to the ULN for blood ammonia,
wherein a fasting blood ammonia level at or above a specified
threshold level or above a specified target range with respect
to the ULN for blood ammonia indicates the nitrogen scav-
enging drug has not been fully effective. In certain embodi-
ments, these methods comprise the additional step of admin-
istering an increased dosage of the nitrogen scavenging drug
or administering a second nitrogen scavenging drug in lieu of
or in addition to the original nitrogen scavenging drug. In
certain embodiments, the specified threshold level is 1.5
times the ULN. In certain embodiments, the specified target
range is 1 to 1.5, between 1 and 1.5, <1.5, or <1.5 times the
ULN.

Provided herein in certain embodiments are methods of
determining whether to administer a nitrogen scavenging
drug for treatment of HE to a subject in need thereof com-
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prising (a) measuring a fasting blood ammonia level and (b)
comparing the fasting blood ammonia level to a specified
threshold level or a specified target range with respect to the
ULN for blood ammonia, wherein a fasting blood ammonia
level at or above the specified threshold level or above the
specified target range indicates that a nitrogen scavenging
drug should be administered to the subject. In certain embodi-
ments, these methods further comprise administering the
nitrogen scavenging drug. In certain embodiments, the speci-
fied threshold level is 1.5 times the ULN. In certain embodi-
ments, the specified targetrangeis 1 to 1.5, between 1 and 1.5,
<1.5, or <1.5 times the ULN. In certain embodiments, admin-
istration of the nitrogen scavenging drug decreases the like-
lihood of the subject experiencing an HE event.

Provided herein in certain embodiments are methods of
determining whether to administer a second nitrogen scav-
enging drug for treatment of HE to a subject in need thereof
who has previously been administered a first nitrogen scav-
enging drug comprising (a) measuring a fasting blood ammo-
nia level after administration of the first nitrogen scavenging
drug and (b) comparing the fasting blood ammonia level to a
specified threshold level or specified target range with respect
to the ULN for blood ammonia, wherein a fasting blood
ammonia level at or above the specified threshold level or
above the specified target range indicates the need to admin-
ister a second nitrogen scavenging drug. In certain embodi-
ments, these methods further comprise administering the sec-
ond nitrogen scavenging drug. In certain of these
embodiments, the second nitrogen scavenging drug is admin-
istered in lieu of the first nitrogen scavenging drug. In other
embodiments, the second nitrogen scavenging drug is admin-
istered in combination with the first nitrogen scavenging
drug, either sequentially or simultaneously. In certain
embodiments, the specified threshold level is 1.5 times the
ULN. In certain embodiments, the specified target range is 1
to 1.5, between 1 and 1.5, <1.5, or <1.5 times the ULN. In
certain embodiments, administration of the second nitrogen
scavenging drug decreases the likelihood of the subject expe-
riencing an HE event.

Provided herein in certain embodiments are methods of
using fasting blood ammonia level to predict the likelihood
and/or severity of future HE events. In certain of these
embodiments, a subject is classified as more likely to expe-
rience an HE event or more likely to experience a severe HE
event if the subject exhibits a fasting blood ammonia level at
or above a specified threshold level or above a specified target
range with respect to the ULN for blood ammonia. Similarly,
in certain embodiments, a subject is classified as less likely to
experience an HE event or less likely to experience a severe
HE event if the subject exhibits a fasting blood ammonia level
at or below a specified threshold level or within a specified
target range with respect to the ULN for blood ammonia. In
certain embodiments, the specified threshold level is 1.5
times the ULN. In certain embodiments, the specified target
range is 1 to 1.5, between 1 and 1.5, <1.5, or 1.5 times the
ULN. In certain embodiments, a subject’s risk of experienc-
ing an HE event increases the higher the fasting blood ammo-
nia level rises above the specified threshold level or specified
target range. For example, where the specified threshold level
is 1.5, a subject with a fasting blood ammonia level of 2.0
times the ULN for blood ammonia may be classified as more
likely to experience an HE event than a subject with a fasting
blood ammonia level 1.6 times the ULN. Similarly, in certain
embodiments, the likely severity of a future HE event
increases the higher the fasting blood ammonia level rises
above the specified threshold value or specified target range.
For example, where the specified threshold level is 1.5, a
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subject with a fasting blood ammonia level of 2.0 times the
ULN for blood ammonia may be expected to experience more
severe HE events than a subject with a fasting blood ammonia
level 1.6 times the ULN. In certain embodiments, these meth-
ods further comprise taking steps to reduce the likelihood that
the subject will experience an HE event, and in certain of
these embodiments the methods comprise administering a
nitrogen scavenging drug or an increased dosage of a nitrogen
scavenging. In certain of these embodiments, the nitrogen
scavenging drug is administered at a dosage sufficient to drop
a subject’s fasting blood ammonia level to or below a speci-
fied threshold level or to within a specified target range with
respect to the ULN for blood ammonia, or to maintain the
subject’s fasting blood ammonia level at or below the speci-
fied threshold level or within the specified target range for a
specific period of time.

The ULN for blood ammonia typically represents the high-
est level in the range of normal values, which may be influ-
enced by a variety of factors such as the assay method, types
of regents, standard reference samples used, and specifica-
tions and calibration of equipment used to perform the mea-
surement. In certain embodiments of the methods disclosed
herein, the ULN for blood ammonia is determined for a
subject individually. In other embodiments, the ULN for
blood ammonia may be based on measurements obtained
across a set of subjects (e.g., healthy subjects or subjects with
HE). In certain embodiments, the ULN for blood ammonia
may represent a standard reference value disclosed in the art,
such as a mean ULN developed across a particular subset of
subjects. In other embodiments, the ULN for blood ammonia
may represent a standard measurement that has been devel-
oped by a particular entity that performs blood draws and/or
blood evaluations, such as a particular clinical laboratory. In
certain embodiments, the ULN is a standard reference value
utilized by the same entity that measures the fasting blood
ammonia level. In these embodiments, one skilled in the art
will recognize that the units of ammonia measurement may
also vary from lab to lab (e.g., ug/mL or umol/L), emphasiz-
ing the importance of interpreting the subject’s ammonia
levels relative to the ULN at the laboratory in which the
measurement was performed. In certain embodiments, the
ULN for blood ammonia may be about 12 to 70 umol/L.. In
certain of these embodiments, the ULN for blood ammonia
may be about 11 to 64 umol/L, 20 to 50 pmol/L, 30 to 40
pmol/L, 32 to 38 umol/L, or 34 to 36 umol/L, and in certain of
these embodiments the ULN for blood ammonia is about 35
umol/L. In certain embodiments, the ULN for blood ammo-
nia may be about 20 to 120 pug/dL. In certain of these embodi-
ments, the ULN for blood ammonia may be about 50 to 65
ng/dL, 55 to 63 pg/dL, or 57 to 61 pg/dL, and in certain of
these embodiments the ULN for blood ammonia is about 59
pg/dL.

A nitrogen scavenging drug as used herein refers to any
drug that decreases blood nitrogen and/or ammonia levels. In
certain embodiments, a nitrogen scavenging drug may
remove nitrogen in the form of PAGN, and in certain of these
embodiments the nitrogen scavenging drug may be an orally
administrable drug that contains or is metabolized to PAA.
For example, a nitrogen scavenging drug may be a PAA
prodrug such as PBA or HPN-100, a pharmaceutically
acceptable salt of PBA such as NaPBA, or a pharmaceutically
acceptable ester, acid, or derivative of a PAA prodrug. Inother
embodiments, a nitrogen scavenging drug may remove nitro-
gen via hippuric acid. In certain of these embodiments, a
nitrogen scavenging drug may be benzoic acid, a pharmaceu-
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tically acceptable salt of benzoic acid such as sodium ben-
zoate, or a pharmaceutically acceptable ester, acid, or deriva-
tive of benzoic acid.

Increasing the dosage of a nitrogen scavenging drug may
refer to increasing the amount of drug per administration
(e.g., an increase from a 3 ml. dosage to a 6 mL dosage),
increasing the number of administrations of the drug (e.g., an
increase from once-a-day dosing to twice- or three-times-a-
day), or any combination thereof.

In certain embodiments, a subject that has previously been
administered a nitrogen scavenging drug has been adminis-
tered the drug for a duration of time sufficient to reach steady
state. Similarly, in those methods where fasting blood ammo-
nia level is measured following a first, second, third, or sub-
sequent dosage of nitrogen scavenging drug, the measure-
ment may be carried out after the drug has had sufficient time
to reach steady state at that dosage. For example, the subject
may have been administered the drug over a period of about 2
to 7 days, 1 week to 2 weeks, 2 weeks to 4 weeks, 4 weeks to
8 weeks, 8 weeks to 16 weeks, or longer than 16 weeks.

In certain embodiments of the methods disclosed herein,
the fasting period for obtaining a fasting blood ammonia level
is overnight. In certain embodiments, the fasting period is 4
hours or more, 5 hours or more, 6 hours or more, 7 hours or
more, 8 hours or more, 9 hours or more, 10 hours or more, 11
hours or more, or 12 hours or more, and in certain embodi-
ments the fasting period is 4 to 8 hours, 6 to 8 hours, or 8 to 12
hours. During the fasting period, the subject preferably does
not ingest any food. In certain embodiments, the subject may
also refrain from ingesting certain non-food substances dur-
ing the fasting period. For example, in certain embodiments
the subject does not ingest any supplements and/or nitrogen
scavenging drugs during the fasting period. In certain of these
embodiments, the subject may nonetheless ingest one or more
drugs other than nitrogen scavenging drugs during the fasting
period. In certain embodiments, the subject does not ingest
any high calorie liquids during the fasting period. In certain of
these embodiments, the subject does not ingest any liquids
other than water during the fasting period. In other embodi-
ments, the subject may ingest small amounts of low calorie
beverages, such as tea, coffee, or diluted juices.

In certain embodiments of the methods disclosed herein,
blood samples used for measuring fasting blood ammonia
levels and/or ULN blood ammonias are venous blood
samples. In certain embodiments, a blood sample is a plasma
blood sample. Any methods known in the art may be used to
obtain a plasma blood sample. For example, blood from a
subject may be drawn into a tube containing heparin or eth-
ylenediaminetetraacetic acid (EDTA). In certain embodi-
ments, the sample can be placed on ice and centrifuged to
obtain plasma within 15 minutes of collection, stored at 2 to
8°C. (3610 46° F.) and analyzed within 3 hours of collection.
In other embodiments, the blood plasma sample is snap fro-
zen, stored at =—18° C. (=0° F.) and analyzed at a later time.
For example, the sample may be analyzed at O to 12 hours, 12
to 24 hours, 24 to 48, 48 to 96 hours after freezing, or within
any other timeframe over which the sample has demonstrated
stability. In certain embodiments, blood samples are taken in
a laboratory or hospital setting. In certain embodiments, a
single fasting blood sample is used to measure fasting blood
ammonia level. However, in other embodiments, multiple
fasting blood samples may be obtained. In certain embodi-
ments, a subject’s blood ammonia level may be monitored
throughout the day. Further, in certain embodiments, the
methods disclosed herein comprise an additional step of
obtaining one or more blood samples from a subject prior to
or after measuring fasting blood ammonia level.
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In certain embodiments, a blood sample is analyzed imme-
diately after collection. In other embodiments, the blood
sample is stored for some period between collection and
analysis. In these embodiments, the sample may be stored for
less than 1 hour, 1 hour to 6 hours, 1 hour to 12 hours, 1 hour
to 24 hours, or 1 hour to 48 hours. In certain of these embodi-
ments, the blood sample is stored at a temperature between 0
to 15° C., such as 2 to 8° C. In other embodiments, the blood
sample is stored below 0° C. or below -18° C.

Measurement of ammonia levels in a fasting blood sample
may be carried out using any technique known in the art. For
example, ammonia levels may be measured using a colori-
metric reaction or an enzymatic reaction. In certain embodi-
ments, a colorimetric reaction may involve the use of bro-
mophenol blue as an ammonia indicator. In these
embodiments, ammonia may react with bromophenol blue to
yield a blue dye. In certain embodiments, an enzymatic reac-
tion may involve glutamate dehydrogenase catalyzing the
reductive amination of 2-oxoglutarate with NH* and
NADPH to form glutamate and NADP*. The formation of
NADP* formed is directly proportional to the amount of
ammonia present in the blood sample. Therefore, the concen-
tration of ammonia is measured based on a decrease in absor-
bance.

As further set forth in the examples section below, the
conversion of PAA prodrugs to urinary PAGN was evaluated
in subjects with HE. The mean percent conversion of PAA
prodrug to urinary PAGN was found to be 57%, with a 95%
confident interval range of 52-63%. This is significantly
lower than the conversion percentage reported previously for
HE patients in US Patent Publication No. 2010/0008859. US
Patent Publication No. 2010/0008859 reports an overall mean
conversion percentage of 60-75% in subjects with nitrogen
retention disorders generally, and a mean conversion percent-
age of approximately 75% in HE patients specifically. In
certain embodiments, this mean conversion percentage of
PAA prodrug to urinary PAGN may be used alone or in
combination with fasting blood ammonia level measure-
ments and/or dietary protein intake measurements to treat HE
using a PAA prodrug, administer a PAA prodrug, determine
an effective dosage of a PAA prodrug, or evaluate or adjust the
dosage of a PAA prodrug. In these embodiments, the mean
percent conversion may be 50-65% or a percentage falling
within this range (e.g., about 52 to 63%, 55 to 60%, 56 to 58%,
57%, etc.). In certain embodiments of the methods disclosed
herein that take into account the mean percent conversion of
PAA prodrug to urinary PAGN, the effective dosage is calcu-
lated based on a target nitrogen output. In certain embodi-
ments, urinary PAGN may be determined as a ratio of the
concentration of urinary PAGN to urinary creatinine.

In certain embodiments, methods are provided for calcu-
lating an effective initial dosage of a PAA prodrug for a
subject with HE by determining a target urinary PAGN output
and calculating the effective initial dosage based on the mean
percent conversion of PAA prodrug to urinary PAGN as dis-
closed herein. In certain related embodiments, methods are
provided for administering a PAA prodrug to a subject with
HE or treating a subject having HE comprising (a) determin-
ing a target urinary PAGN output, (b) calculating an effective
initial dosage of PAA prodrug based on the mean percent
conversion of PAA prodrug to urinary PAGN, and (c¢) admin-
istering the effective initial dosage. In other embodiments,
methods are provided for determining an effective dosage of
a PAA prodrug for a subject with HE comprising (a) admin-
istering a first dosage, (b) measuring urinary PAGN output,
and (c) determining an effective dosage based on the mean
percent conversion of PAA prodrug to urinary PAGN as dis-
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closed herein. In certain related embodiments, methods are
provided for administering a PAA prodrug to a subject with
HE comprising (a) administering a first dosage of PAA pro-
drug, (b) determining urinary PAGN output, (c) determining
an effective dosage of the PAA prodrug based on the mean
percent conversion of PAA prodrug to urinary PAGN, and (d)
administering the effective dosage. In still other embodi-
ments, methods are provided for determining whether to
adjust a dosage of PAA prodrug based on the mean percent
conversion of PAA prodrug to urinary PAGN as disclosed
herein.

In certain embodiments, the percent conversion of PAA
prodrug to urinary PAGN as disclosed herein may be incor-
porated into the methods set forth herein for treating HE,
optimally administering a nitrogen scavenging drug for the
treatment of HE, adjusting the dosage of a nitrogen scaveng-
ing drug for the treatment of HE, evaluating the efficacy of a
nitrogen scavenging drug for the treatment of HE, determin-
ing whether to administer a nitrogen scavenging drug for the
treatment of HE, or predicting the likelihood or risk of an HE
event based on fasting blood ammonia level. In certain of
these embodiments, the percent conversion of PAA prodrug
to urinary PAGN as disclosed herein may be used to deter-
mine an effective initial dosage of PAA prodrug for treating
HE, while the fasting ammonia level may be used to deter-
mine the efficacy of the initial dosage or to determine whether
to adjust the dosage or administer a second PAA prodrug. In
other embodiments, the percent conversion of PAA prodrug
to urinary PAGN as disclosed herein and fasting ammonia
level may both be taken into account when determining the
optimal first or subsequent dosage of a PAA prodrug, adjust-
ing the dosage of a PAA prodrug, evaluating the efficacy of a
PAA prodrug, or determining whether to administer a PAA
prodrug for the treatment of HE. In certain of these embodi-
ments, the methods include steps of measuring fasting ammo-
nia level and measuring urinary PAGN.

One skilled in the art will recognize that a variety of other
factors may be taken into consideration when determining the
effective dosage of a nitrogen scavenging drug. For example,
factors such as diet (e.g., protein intake) and endogenous
waste nitrogen removal capacity (e.g., urea synthesis capac-
ity) may be considered.

Provided herein in certain embodiments are kits for carry-
ing out the methods disclosed herein. In certain embodi-
ments, kits are provided for evaluating the likelihood of a
subject experiencing an HE event and for determining
whether to administer a nitrogen scavenging drug or adjust
the dosage of a nitrogen scavenging drug for a subject. The
kits disclosed herein may include one or more nitrogen scav-
enging drugs and/or one or more reagents (e.g., bromophenol
blue) or enzymes (e.g., glutamate dehydrogenase) to measure
blood ammonia levels in a sample. The kit may additionally
include other pigments, binders, surfactants, buffers, stabiliz-
ers, and/or chemicals necessary to obtain a blood sample and
to measure the ammonia level in the sample. In certain
embodiments, the kits provided herein comprise instructions
in a tangible medium.

One of ordinary skill in the art will recognize that the
various embodiments described herein can be combined. For
example, steps from the various methods of treatment dis-
closed herein may be combined in order to achieve a satisfac-
tory or improved level of treatment.

The following examples are provided to better illustrate the
claimed invention and are not to be interpreted as limiting the
scope ofthe invention. To the extent that specific materials are
mentioned, it is merely for purposes of illustration and is not
intended to limit the invention. One skilled in the art may
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develop equivalent means or reactants without the exercise of
inventive capacity and without departing from the scope of
the invention. It will be understood that many variations can
be made in the procedures herein described while still
remaining within the bounds of the present invention. It is the
intention of the inventors that such variations are included
within the scope of the invention.

EXAMPLES
Example 1

Predicting Future HE Events Based on Fasting
Ammonia Levels

The relationship between HE events and fasting ammonia
levels was evaluated in subjects from the HALT-HE clinical
trial (HPN-100-008, ClinicalTrials.gov  identifier
NCT00999167). To be eligible for HE analysis, subject had to
(1) be included in the HALT-HE (Part B) safety population,
(2) have at least one treatment with a study drug (either
HPN-100 or placebo), and (3) have a quantifiable measure-
ment of plasma ammonia from a blood specimen drawn at the
visit and time point of interest. Of the 178 total subjects
enrolled in the HALT-HE study and included in the safety
population, 171 met the additional criteria.

Fasting ammonia levels were measured on day 1 (baseline)
and at days 7 and 14. Day 1 values were derived from the
measurement closest to, but prior to, initiation of dosing. Day
7 and 14 values were obtained from the nominal visit day and
time point (pre-dose or 4-hour). To account for differences in
local laboratories used during the clinical trial, local measure-
ments of ammonia were standardized to an upper limit of
normal (ULN) of 35 umol/L. according to the following for-
mula:

Ammonia,~Ammonia,,,*(35/ULN of Am-
MONiay,.g7)-

HE events were evaluated over 16 weeks. An HE event was
defined as the occurrence of either (1) a West Haven Grade 2
or above or (2) a West Haven Grade 1 AND an asterixis grade
increase of 1, if baseline West Haven was 0.

To describe the relationship between plasma ammonia lev-
els and HE events, ammonia levels at the nominal times were
initially grouped into five categories as multiples of the stan-
dardized ULN (35 pmol/L): (1) [0-=0.5], (2) [0.5-<1.0], (3)
[1.0-<1.5], (4) [1.5-=2.0], and (5) [>2.0].

Each subject had between zero and eight HE episodes over
the course of their exposure to study drug. The relationship
between ammonia at a given nominal time and the number of
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HE events was modeled using a negative binomial model
whereby the effect of study drug was considered only after
controlling for ammonia level. Since not all subjects had the
same amount of time in the study (and thus did not have the
same opportunity for experiencing HE events), the model
adjusted for (offset for) duration of treatment, measured in
days and converted to weeks. Based on the model, the number
of HE events was estimated for each level of ammonia. By
comparing each level of ammonia to the lowest level, the
pattern of the relationship could not only be described but also
statistically tested through a priori contrasts.

For purposes of prediction, the number of HE events for
each subject was categorized using two different outcome
schemes: (1) athree category grouping (0 episodes, 1 episode,
or 2 or more episodes) and (2) a two category grouping (0
episodes or 1 or more episodes). For the three category out-
come scheme, the probability of having an outcome in one of
the three categories based on ammonia level was modeled
using ordered logistic regression following a proportional
odds model (McCullagh and Nelder, Generalized Linear
Models, 2nd ed. Boca Raton: Chapman and Hall, Ch. 5
(1989)). For the second scheme, probabilities of having an
outcome in one of the two categories based on ammonia level
were modeled using binary logistic regression. In each case,
95% confidence intervals of prediction around the probabili-
ties were derived using bootstrap resampling of the original
dataset with 1000 iterations following the technique of Davi-
son and Hinkley (Bootstrap Methods and Their Application,
Cambridge Univ. Press, pp. 358-362 (1997)).

The relationship between HE events and ammonia levels at
day 7 (pre-dose), day 7 (four hours after dosing), day 14
(pre-dose), and day 14 (four hours after dosing) for each of
these groups is summarized in FIGS. 2-6. This analysis
revealed no significant difference between the lowest two
categories and between the highest two categories, so the
categories were collapsed into two different grouping
schemes for modeling purposes: (1) a three category group-
ing ([0-1.0], [>1.0-1.5], and [>1.5]) and 2) a two category
grouping ([0-1.5] and [>1.5]). The relationship between HE
events and ammonia levels at day 1, day 7 (pre-dose), day 7
(four hours after dosing), day 14 (pre-dose), and day 14 (four
hours after dosing) for each of these groups is summarized in
Tables 1-5, respectively. In each table, the first three rows for
each treatment group show results for the three category
model ([0-1.0], [>1.0-1.5], and [>1.5]), while the next two
rows show results for the two category model ([0-1.5] and
[>1.5]). Note that, based on the statistical methodology, esti-
mation of HE events for input category >1.5 in a two category
model is not necessarily equal to the result for the three
category model.

TABLE 1

Count of HE events over 16 weeks by level of pre-dose ammonia on day 1:

No. of per-subject HE Events p-value
Plasma ammonia level Estimated*  Estimated* p-value p-value drug x
Treatment (as multiple over over vs. lowest main effect ammonia
Group of ULN) N Min Max 16 weeks 52 weeks level of drug interaction
HPN-100 [0-1.0] 37 0 2 0.25 0.80 .
[>1.0-1.5] 23 0 5 0.61 1.98 0.287
[>1.5] 26 0 4 1.35 4.37 0.031
[0-1.5] 60 0 5 0.39 1.26 .
[>1.5] 26 0 4 1.36 4.41 0.071
Placebo [0-1.0] 34 0 2 0.37 1.21 .
[>1.0-1.5] 22 0 5 0.95 3.08 0.119
[>1.5] 29 0 8 2.20 7.14 <.001
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TABLE 1-continued

Count of HE events over 16 weeks by level of pre-dose ammonia on day 1:

No. of per-subject HE Events p-value
Plasma ammonia level Estimated*  Estimated* p-value p-value drug x
Treatment (as multiple over over vs. lowest main effect ammonia
Group of ULN) N Min Max 16 weeks 52 weeks level of drug interaction
[0-1.5] 56 0 5 0.59 1.90 .
[>1.5] 29 0 8 2.21 7.19 0.003 . .
TOTAL [0-1.0] 71 0 2 0.30 0.99 . 0.132 0.995
[>1.0-1.5] 45 0 5 0.78 2.55 0.054
[>1.5] 55 0 8 1.81 5.89 <.001
[0-1.5] 116 0 5 0.48 1.57 .
[>1.5] 55 0 8 1.83 5.94 <.001
TABLE 2

Count of HE events over 16 weeks by level of pre-dose ammonia on day 7:

No. of per-subject HE Events p-value
Plasma Ammonia Estimated*  Estimated* p-value p-value drug x
Treatment (as multiple over over vs. lowest main effect ammonia
Group of ULN) N Min Max 16 weeks 52 weeks level of drug interaction
HPN-100 [0-1.0] 43 0 2 0.29 0.95 .
[>1.0-1.5] 17 0 5 0.90 2.92 0.174
[>1.5] 18 0 4 1.38 4.50 0.046
[0-1.5] 60 0 5 0.45 1.47 .
[>1.5] 18 0 4 1.40 4.56 0.134
Placebo [0-1.0] 33 0 1 0.30 0.97 .
[>1.0-1.5] 19 0 2 0.23 0.73 0.699
[>1.5] 26 0 8 2.53 8.23 <.001
[0-1.5] 52 0 2 0.27 0.88 .
[>1.5] 26 0 8 2.53 8.22 <.001 . .
TOTAL [0-1.0] 76 0 2 0.29 0.94 . 0.920 0.124
[>1.0-1.5] 36 0 5 0.47 1.53 0.348
[>1.5] 44 0 8 2.10 6.84 <.001
[0-1.5] 112 0 5 0.35 1.13 .
[>1.5] 44 0 8 2.11 6.85 <.001
TABLE 3

Count of HE events over 16 weeks by level of ammonia on day 7. four hours post-dose:

No. of per-subject HE Events p-value
Plasma Ammonia Estimated*  Estimated* p-value p-value drug x
Treatment (as multiple over over vs. lowest main effect ammonia
Group of ULN) N Min Max 16 weeks 52 weeks level of drug interaction
HPN-100 [0-1.0] 33 0 2 0.16 0.51 .
[>1.0-1.5] 20 0 5 0.88 2.85 0.048
[>1.5] 23 0 4 1.16 3.77 0.016
[0-1.5] 53 0 5 0.41 1.34 .
[>1.5] 23 0 4 1.18 3.85 0.145
Placebo [0-1.0] 36 0 4 0.36 1.17 .
[>1.0-1.5] 12 0 2 0.36 1.16 0.999
[>1.5] 30 0 8 2.19 7.13 <.001
[0-1.5] 48 0 4 0.36 1.16 .
[>1.5] 30 0 8 2.19 7.13 <.001 . .
TOTAL [0-1.0] 69 0 4 0.27 0.87 . 0.275 0.249
[>1.0-1.5] 32 0 5 0.63 2.05 0.111
[>1.5] 53 0 8 1.76 5.72 <.001
[0-1.5] 101 0 5 0.38 1.23 .
[>1.5] 53 0 8 1.77 5.74 <.001




US 9,289,406 B2

TABLE 4
Count of HE events over 16 weeks by level of ammonia on day 14:
No. of per-subject HE Events p-value
Plasma Ammonia Estimated*  Estimated* p-value p-value drug x
Treatment (as multiple over over vs. lowest main effect ammonia
Group of ULN) N Min Max 16 weeks 52 weeks level of drug interaction
HPN-100 [0-1.0] 45 0 5 0.36 1.18
[>1.0-1.5] 14 0 2 0.40 1.29 0.923
[>1.5] 19 0 4 1.29 4.21 0.106
[0-1.5] 39 0 5 0.37 1.21 .
[>1.5] 19 0 4 1.29 4.21 0.096
Placebo [0-1.0] 31 0 4 0.53 1.73 .
[>1.0-1.5] 16 0 2 0.20 0.65 0.230
[>1.5] 27 0 8 2.08 6.76 0.013
[0-1.5] 47 0 4 0.41 1.32 .
[>1.5] 27 0 8 2.08 6.77 0.001 . .
TOTAL [0-1.0] 76 0 5 0.43 1.41 . 0.428 0.579
[>1.0-1.5] 30 0 2 0.28 0.92 0474
[>1.5] 46 0 8 1.77 5.74 0.002
[0-1.5] 106 0 5 0.39 1.26 .
[>1.5] 46 0 8 1.77 5.74 <.001
TABLE 5
Count of HE events over 16 weeks by level of ammonia on day 14, four hours post-dose:
No. of per-subject HE Events p-value
Plasma Ammonia Estimated*  Estimated* p-value p-value drug x
Treatment (as multiple over over vs. lowest main effect ammonia
Group of ULN) N Min Max 16 weeks 52 weeks level of drug interaction
HPN-100 [0-1.0] 35 0 4 0.28 0.92 .
[>1.0-1.5] 22 0 2 0.41 1.33 0.688
[>1.5] 17 0 4 0.96 3.13 0.210
[0-1.5] 57 0 4 0.33 1.09 .
[>1.5] 17 0 4 0.97 3.14 0.236
Placebo [0-1.0] 35 0 1 0.20 0.65 .
[>1.0-1.5] 7 0 1 0.47 1.52 0.360
[>1.5] 34 0 8 1.97 6.40 <.001
[0-1.5] 42 0 1 0.25 0.81 .
[>1.5] 34 0 8 1.97 6.42 <.001 . .
TOTAL [0-1.0] 70 0 4 0.24 0.77 . 0.474 0.493
[>1.0-1.5] 29 0 2 0.41 1.35 0.346
[>1.5] 51 0 8 1.66 5.39 <.001
[0-1.5] 99 0 4 0.29 0.95 .
[>1.5] 51 0 8 1.66 5.41 <.001

As shown in these results, fasting ammonia levels were
correlated with subsequent HE events over the 16 week expo-
sure period. For example, subjects with a pre-dose ammonia
level on day 1 that was less than or equal to the ULN (i.e.,
0-1.0) experienced an estimated 0.30 events over 16 weeks.
The number of events increased to 0.78 for subjects with
pre-dose ammonia level of >1.0 to 1.5 ULN, and to 1.81 for
subjects with ammonia levels greater than 1.5 ULN. The
same pattern was observed in each study drug treatment arm.

The number of events in the highest level ammonia group
(>1.5 ULN) was significantly greater than the number of
events in the lowest level group (0 to 1.0 ULN) (p<0.001), and
the number of events in the middle level ammonia group
(>1.0to 1.5 ULN) was marginally greater than the number of

events in the lowest level group (p=0.054). These results show
that the risk of an HE event does not increase linearly with
increasing ammonia level. Instead, there appears to be a step
up in the risk for baseline ammonia levels greater than 1.5
times the ULN. This trend appears to be evident regardless of
which visit and time the ammonia was drawn.

The proportional odds of experiencing an HE for various
ammonia levels at day 1, day 7 (pre-dose), day 7 (four hours
after dosing), day 14 (pre-dose), and day 14 (four hours after
dosing) are summarized in Tables 6-10, respectively. Levels
1,2, and 4 in each table show the results for the three category
model ([0-1.0], [>1.0-1.5], and [>1.5]), while levels 3 and 4
show the results for the two category model ([0-1.5] and
[>1.5D).
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TABLE 6

Probably of HE events over 16 weeks as predicted by level of pre-dose ammonia on day 1:

Plasma ammonia as predictor p-value
Plasma Ammonia Prob. of having this number of HE events (95% CI) vs. next
(as multiple 2 or more 1 or more lower
Level of ULN) 0 events 1 event events events level
1 [0-1.0] 0.812 0.114 0.074 0.197
(0.722,0.896) (0.059,0.180)  (0.037,0.113)  (0.107,0.297)
2 [>1.0-1.5] 0.758 0.143 0.099 0.244 0.547
(0.627,0.883) (0.070,0.220)  (0.040,0.174)  (0.116, 0.376)
3 [0-1.5] 0.792 0.125 0.083 0.216
(0.721, 0.865) (0.071,0.181)  (0.049,0.120)  (0.138,0.289)
4 [>1.5] 0.529 0.236 0.235 0.436 0.003
(0.386,0.672) (0.161,0.319)  (0.124,0.359)  (0.306, 0.574)
TABLE 7
Probably of HE events over 16 weeks as predicted by level of pre-dose ammonia on day 7:
Plasma ammonia as predictor p-value
Plasma Ammonia Prob. of having this number of HE events (95% CI) vs. next
(as multiple 2 or more 1 or more lower
Level of ULN) 0 events 1 event events events level
1 [0-1.0] 0.812 0.118 0.070 0.197
(0.732,0.889) (0.064,0.182) (0.038,0.106) (0.114, 0.285)
2 [>1.0-1.5] 0.830 0.108 0.063 0.167 0.698
(0.692,0.944) (0.040,0.184) (0.017,0.132)  (0.055,0.293)
3 [0-1.5] 0.817 0.115 0.068 0.188
(0.750,0.882) (0.069,0.168) (0.039,0.104)  (0.120,0.257)
4 [>1.5] 0.466 0.262 0.272 0.500 <0.001

(0.318,0.617)

(0.176,0.351)

(0.148, 0.406)

(0.356, 0.646)

TABLE 8

Probably of HE events over 16 weeks as predicted by level of ammonia on day 7, four hours post-dose:

Plasma ammonia as predictor p-value
Plasma Ammonia Prob. of having this number of HE events (95% CI) vs. next
(as multiple 2 or more 1 or more lower
Level of ULN) 0 events 1 event events events level
1 [0-1.0] 0.846 0.091 0.063 0.159
(0.769,0.921) (0.044,0.151)  (0.031,0.098)  (0.081, 0.246)
2 [>1.0-1.5] 0.754 0.138 0.108 0.250 0.282
(0.611, 0.900) (0.059,0.218)  (0.038,0.198)  (0.100, 0.403)
3 [0-1.5] 0.817 0.106 0.077 0.188
(0.746, 0.886) (0.060,0.162)  (0.043,0.115)  (0.117,0.263)
4 [>1.5] 0.540 0.220 0.240 0.434 0.001
(0.402,0.675) (0.147,0.301)  (0.131,0.357)  (0.305, 0.566)
TABLE 9
Probably of HE events over 16 weeks as predicted by level of pre-dose ammonia on day 14:
Plasma ammonia as predictor p-value
Plasma Ammonia Prob. of having this number of HE events (95% CI) vs. next
(as multiple 2 or more 1 or more lower
Level of ULN) 0 events 1 event events events level
1 [0-1.0] 0.812 0.104 0.084 0.197
(0.731,0.888) (0.055,0.163)  (0.047,0.126) (0.116, 0.287)
2 [>1.0-1.5] 0.834 0.093 0.073 0.167 0.716

(0.699, 0.945)

(0.026,0.169)

(0.018, 0.144)

(0.054, 0.309)

24
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TABLE 9-continued
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Probably of HE events over 16 weeks as predicted by level of pre-dose ammonia on day 14:

Plasma ammonia as predictor p-value
Plasma Ammonia Prob. of having this number of HE events (95% CI) vs. next
(as multiple 2 or more 1 or more lower
Level of ULN) 0 events 1 event events events level
3 [0-1.5] 0.818 0.101 0.081 0.189
(0.747,0.884) (0.055,0.154)  (0.049,0.117)  (0.118,0.263)
4 [>1.5] 0.525 0.211 0.264 0.435 0.002

(0.377,0.678)

(0.136,0.287)  (0.134,0.398)  (0.298, 0.571)

TABLE 10

Probably of HE events over 16 weeks as predicted by level of ammonia on day 14, four hours post-dose:

Plasma ammonia as predictor p-value
Plasma Ammonia Prob. of having this number of HE events (95% CI) vs. next
(as multiple 2 or more 1 or more lower
Level of ULN) 0 events 1 event events events level
1 [0-1.0] 0.874 0.075 0.051 0.129
(0.801,0.941) (0.032,0.129) (0.022,0.086) (0.061, 0.203)
2 [>1.0-1.5] 0.738 0.145 0.117 0.276 0.083
(0.596, 0.880) (0.068,0.234)  (0.043,0.203) (0.121, 0.444)
3 [0-1.5] 0.834 0.097 0.070 0.172
(0.764, 0.896) (0.053,0.154)  (0.039,0.108)  (0.106, 0.245)
4 [>1.5] 0.561 0.213 0.226 0.412 0.002

(0.425,0.699)  (0.138,0.293)

(0.120, 0.346)

(0.285, 0.535)

Among subjects whose ammonia levels were normal pre-
dose on day 1 (i.e., 0 to 1.0 ULN), 81% are expected to have
no HE events within 16 weeks and 7% are expected to have
two or more HE events (Table 6). Among subject with day 1
pre-dose ammonia levels greater than 1.5 ULN, on the other
hand, only 52% are expected to have zero HE events within 16
weeks and 23% are expected to have two or more HE events.
As illustrated in the baseline and day 7 results summarized in
FIGS. 7-10, this pattern was consistent regardless of whether
blood samples were drawn prior to the study or during the
study.

Example 2
Conversion of PAA Prodrug to Urinary PAGN

US Patent Publication No. 2010/0008859 discloses that
urinary PAGN levels correlate more closely to PBA prodrug
dosage than plasma PAA, PBA, or PAGN levels, and further
discloses that PBA prodrugs are converted to urinary PAGN
with a mean efficiency of 60 to 75%. This conversion per-
centage is based on data obtained from subjects with UCD
and HE. For HE subjects, PAA metabolism was evaluated by
administering HPN-100 to 32 subjects with hepatic impair-
ment with cirrhosis. The subjects were broken into four
groups of 8 subjects each: hepatic impairment with cirrhosis
and Child-Pugh scores of A, B, or C, and a control group of
healthy adults with normal hepatic function. The mean per-
cent conversion of HPN-100 to urinary PAGN in these four
patient groups was of 79.6% (SD=30.5), 58.2% (SD=29.2),
85.0% (SD=65.1), and 68.6% (SD=21.9), respectively. The
overall mean percent conversion for the four subject groups
was about 75%.
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PAA prodrug conversion has now been evaluated in addi-
tional HE subjects. These results unexpectedly show that the
percent conversion of PAA prodrug to urinary PAGN is lower
than disclosed in Patent Publication No. 2010/0008859.

As disclosed herein, additional trials have been performed
to evaluate the conversion of PAA to urinary PAGN in sub-
jects with HE. Urinary PAGN output was measuredin 130 HE
patients during steady state dosing with either NaPBA or an
equivalent dose of HPN-100. As summarized in Table 11, the
mean percent conversion of PAA prodrug to urinary PAGN in
HE patients was about 57%, with a 95% confidence interval
range of 52-63%. Results were consistent for both sodium
PBA and HPN-100, indicating that similar results would be
expected for all PAA prodrugs. These results suggest that the
percent conversion of PAA prodrug to urinary PAGN in sub-
jects with HE is significantly lower than previously reported
in US Patent Publication No. 2010/0008859.

TABLE 11

Mean percent conversion of PAA prodrugs to
urinary PAGN in subjects with HE:

N 130
Mean % conversion 57%
95% CI range 52-62%

As stated above, the foregoing is merely intended to illus-
trate various embodiments of the present invention. The spe-
cific modifications discussed above are not to be construed as
limitations on the scope of the invention. It will be apparent to
one skilled in the art that various equivalents, changes, and
modifications may be made without departing from the scope
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of the invention, and it is understood that such equivalent 2. The method of claim 1, wherein the subject has previ-
embodiments are to be included herein. All references cited ously been administered a first dosage of glyceryl tri-[4-
herein are incorporated by reference as if fully set forth phenylbutyratel] (HPN-100).
herein. 3. The method of claim 2, wherein the dosage of glyceryl
5 tri-[4-phenylbutyrate] (HPN-100) administered in step (c) is
REFERENCES greater than the first dosage.

4. A method of optimizing the dosage of a nitrogen scav-
enging drug for the treatment of hepatic encephalopathy (HE)

1. Brusilow Science 207:659 (1980) comprising:
2 i ek 51709 B ———

’ . ’ utyrate - ;

‘5" gha‘i;[ﬂ che}lstrotelr\l/}ei Oll)olggo?gzzisgl(ﬁ 82012) (b) measuring a fasting blood ammonia level;

- ee Vol Lenet vieta 1221 ( ) (c) comparing the fasting blood ammonia level to the upper
6. LlChteF -Konecki Mol Genet Metab 103:323 (2011) limit of normal for blood ammonia to determine whether
7. McGuire Hepatology 51:2077 (2010) to increase the dosage of glyceryl tri-[4-phenylbutyrate]
8. Rockey Hepatology 56:248 (2012) 15 (HPN-100), wherein the dosage needs to be increased if

the fasting blood ammonia level is greater than 1.5 times

What is claimed is: the upper limit of normal for blood ammonia; gnd
1. A method of treating hepatic encephalopathy (HE) in a (d) administering a second dosage of glyceryl tri-[4-phe-
subject comprising; nylbutyrate] (HPN-100) based on the determination in

(a) measuring a fasting blood ammonia level;

(b) comparing the fasting blood ammonia level to the upper
limit of normal for blood ammonia; and

(c) administering glyceryl tri-[4-phenylbutyrate] (HPN-
100) to the subject if the fasting blood ammonia level is
greater than 1.5 times the upper limit of normal for blood
ammonia. ¥k k% %

c).

5. The method of claim 1 or 4, further comprising a step of
determining the upper limit of normal for blood ammonia for
the subject.

6. The method of claim 1 or 4, wherein the upper limit of
25 normal blood ammonia is 35 pmol/L.



